Cheap and reliable power sources are essential for the further technical development. However, fossil energy is regarded as dangerous for our environment because the unavoidable CO2 releases. There are technologies already capable to capture CO2 instead of releasing it, but they are barely affordable for the developing nations -those who are in the biggest need for new energy resources to accomplish their industrialisation. There was a hope that clean and abundant new form of nuclear energy -that means the fusion-based nuclear power plants -will solve our energy problem forever. Due the enormous amount of difficult and unsolved technical problems it became clear that fusion power is not going to be available -not at least for several decades.
On the other hand, the growing oil prices turned the bio-energy production economically profitable. However, the fields producing sugar cane and corn for conversion to fuel for our cars are missing from the food production. The population on the earth is growing exponentially -we are at least three times more than we were 60 years ago. The "green revolution" -that means intensification of the food production using fertilizers and pesticides -was able to keep pace with this growth so far but probably it is going to slow down nowadays -less and less new soils are available for intensification of the food the production. Emerging lifestyle of developing nations -trying to eat more meat and less vegetables -is turning the existing fragile balance of food production and consumption even worse.For the time being it looks like that the existing fission-based nuclear technologies are able to fill the gap of the missing energy production.
There are several risk-sensitive industries -like air traffic, nuclear power generation, dangerous chemical processes, etc. The technical solutions used are usually well approved and widely known; the occasional problems usually originate from the not-careful-enough design, the insufficient risk assessment, the unsatisfactory training and mismanagement. With proper operation and waste management the nuclear fission power is one of the clearest and cheapest energy sources: no gases are emitted during the energy generation and other related preparatory etc. processes. The upcoming nuclear-fusion-based power plants are even more promising; all contamination in these plants will be decayed practically to nil in less than 100 years -but these technologies are still a little far away. Renewable energy sources can play an important, but only a supplementary role, at least for the foreseeable future.
Due to historical reasons, the public approval of the fission-based nuclear power is rather low in many countries. On the other hand, we still have to wait for the appearance of significant fusion power at least several decades; and closing this gap the construction of a new generation of NPPs (nuclear power plants) seems to be unavoidable. Construction on the large scale of carbon dioxide emitting conventional power plants operating on fossil fuel seems to be the worst solution, anyway.Even ignoring the CO2-related problems, the growing energy needs of the developing Asian countries cannot be satisfied alone with the oil or gas available on the markets. Therefore there are several NPPs already under construction and more contracts are to come. Meanwhile, all over in the USA and Europe the operation of old NPPs are going to be prolonged for another 20-30 years. Slowly, even in Europe the construction of new nuclear power plants are considered, too. The first such "Generation 3+" NPP is already under construction in Finland.
The biggest problem of the nuclear industry is that the still-stand lasted too long -there were very few new contracts during the last decades and now we lack experts and production capacity. Unfortunately, this situation cannot be improved just in few years. That is why the life-time prolongation of the existing nuclear power plants became such a hot topic all over the world.In all cases, simulation studies and the use of simulators is essential. It is a well known fact and it is widely approved by many scientists and engineers that direct evaluation of different technical designs above a certain complexity level is unthinkable. Careful modelling, model integration, verification and validation is necessary to build the simulation tools and computer codes for the design and real-time simulators are even better for testing and validation of complex industrial processes. The average lifetime of a big nuclear or other power plant exceeds that of its instrumentation and control (I&C) systems several times. Computer based such systems are prone to even faster "moral" exhaustion. Without extensive simulation the replacement of such systems would cause longlasting outages resulting in great financial losses. On the other hand, fuel assemblies are very expensive parts of the nuclear reactor. Initially they were used in Hungary only for 3 years, now for 4 years and soon they will stay in the core for 5 years -of course the new types should have bigger enrichment in uranium.
Each year only 1/3rd, 1/4th and later 1/5th of them is replaced, therefore the change of the appropriate fuel type is a lengthy process, with mixed cores used. The authorities require that the staff should be trained to each particular core before they operate it. For this reason the simulator of the plant should be upgraded to simulate the exact behavior of each core foreseen for the upcoming next 5 years.In the paper first I would like to give a survey on the present state of energy production and consumption in the world and after that I would like to summarize the results and practice we used at Paks NPP in Hungary: first in the evaluation of safety studies, then the working-out of new state-of-art operational procedures, later the reconstruction of the Reactor Safety System and other I&C Systems, the replacement of which -thanks to the extensive testing and tuning performed using the full-scope replica simulatorwas completed during the regular re-fuelling outage of the NPP units. Finally, we had to introduce full 3D simulation of the coupled models of core thermo-hydraulics and neutron-kinetics in order to be able to simulate new reactor cores with mixed types of fuel elements. We had to do everything listed above in real-time -that was a really demanding task. 
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